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ABSTRACT 
 
The average age of American farmers has steadily increased for decades, with 63% over the age 
of 55 according to USDA-NASS. There has also been a trend of declining young and beginning 
farmers entering agriculture. Young farmers face increased financial requirements, more 
competition for land, and changes to lending regulations. Currently, there is limited research 
focusing on strategies for producers to profitably enter agriculture, specifically cow-calf 
production. The objective of this research was to analyze the net present value (NPV) associated 
with two start-up strategies for a small-scale cow-calf producer in Tennessee (one – starting with 
ten bred heifers and growing to 30 head; two – starting with 30 bred heifers and maintaining the 
30 head herd size). Using data from University of Tennessee Cow-Calf Budgets and historical 
Tennessee cattle prices, the discounted free cash flow (FCF) method was followed to calculate 
expected NPV and modified internal rate of return (MIRR) for each start-up strategy. Monte 
Carlo simulations were run to estimate uncertainties around cattle price. Both strategies had NPV 
less than -$118,000 and MIRR lower than -12% in the baseline models. Strategy one had larger 
negative FCF and smaller annual loan payment and compared to strategy two’s smaller negative 
FCF but larger annual loan repayment.  
Both strategies are highly (>95%) likely to have larger than -$100,000 NPV. Off farm 
income needed to break even is very important for both strategies to remain viable throughout 
the ten year forecasted period. Strategy (to start small and grow the herd over time) has less risk 
exposure while achieving the least negative NPV and is the preferred start-up strategy 
determined in this study. These results should help beginning cow-calf producers and 
agricultural lenders better understand the financial costs and risks involved with starting a small 
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cow-calf operation. Additionally, this study can be used to assist Extension educators to 
demonstrate the importance of off-farm income for small-scale beef producers in Tennessee. 
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CHAPTER I: INTRODUCTION AND PROBLEM 
IDENTIFICATION 
The average age of United States (U.S.) farmers has steadily increased from 50 in 1982 to 58 in 
2012 (United States Department of Agriculture [USDA] National Agricultural Statistic Service 
[NASS], 2012). According to Ahearn and Newton (2009), 63% of established U.S. farms were 
primarily operated by someone over the age of 55, and more than a quarter of all U.S. farms 
were operated by someone age 65 or older. The median age of the U.S. workforce in 2018 was 
only 42.2, with only 23% of the workforce over the age of 55 (U.S. Department of Labor, 2018). 
Explanations for the average age of primary farm operators increasing are: increased 
mechanization enabling older farmers to continue working longer than previous generations; 
increased capital requirements (prohibiting entry into certain ag industries); and economic 
opportunities away from the farm. 
The number of U.S. farms operated by farmers under the age of 34 years old and the 
number of new or beginning farm operations being started are declining (Ahearn and Newton, 
2009). Fewer younger farmers entering agriculture has raised questions about policies to 
encourage younger generations to enter production agriculture. With 91.5 million acres of 
pasture and crop land (approximately 10% of all U.S. farm land) expected to be sold or rented to 
different producers between 2006-2020, there will be opportunities for young and beginning 
farmers to enter U.S. agriculture (Jablonski et al., 2017). This is especially true for beef cattle 
operations. Schulz et al. (2017) state a substantial turnover of productive assets will likely 
happen for beef cattle operations over the next decade. 
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As described by the USDA, a farm is classified as any place that more than $1,000 of 
agricultural products can be produced and sold, and the USDA defines a beginning farmer as a 
farm operator with less than ten years of farming experience (Ahearn and Newton, 2009). 
Beginning farmers of all ages operated 22% of all U.S. farms in 2007 and accounted for 10% of 
total value of production (Ahearn and Newton, 2009). The average farm size for beginning 
farmers was reported in 2007 to be 174 acres, which was smaller than the average farm size for 
established farmers’ of 461 acres (Ahearn and Newton, 2009). Beginning farmers also rely more 
heavily on off-farm income than established farms (Ahearn, 2013).  
 One reason why there are fewer young and beginning farmers entering U.S. agriculture is 
the large financial requirement to acquire land, machinery, and inputs associated with starting a 
farm (Ahearn and Newton, 2009). In recent years, the cost of resources needed to start a farm 
have increased substantially. For example, the value of pastureland increased 80% from 2005 to 
2015 and rent payments for pastureland increased 36% (USDA NASS, 2018). This is 
problematic given that most beginning farmers acquire land through purchases from nonrelative 
strangers instead of from relatives or inheritance (Ahearn and Newton, 2009). Thus, the amount 
of capital a producer requires to start a farm has increased, which simultaneously could increase 
their risk (greater debt servicing requirements with volatile commodity prices and net returns) 
and decrease their initial financial starting point. This could explain why only 45% of all “new” 
farmers survived their first five to nine years in operation and only 19% were still operating after 
20 years (Ahearn and Newton 2009).  
 In response to this challenge, the USDA has invested into several programs that help 
beginning farmers. Some of these programs for beginning farmers started in the 1990s, but there 
has been a recent increase in assistance through loan programs from the USDA Farm Service 
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Agency (FSA) and Farm Credit System (FCS). These loan programs target farmers with limited 
resources who are unlikely to obtain a loan from a private lender. USDA FSA provides lower 
interest rates (3-4.5%) than most financial lenders for farmers and require very little or no down 
payments. The loans can be for farm ownership (long-term debt) and/or operating (short-term 
debt). The general goal of these programs is to provide beginning farmers access to capital at an 
interest rate that will help them succeed long-term as well as stay competitive with more 
established farm businesses (USDA FSA, 2018).  
 Despite these efforts to encourage beginning farmers to enter U.S. agriculture, the trend 
of declining numbers of young and beginning farmers is continuing. Niewolny and Lillard 
(2010) believe this is one of the most important issues in agriculture today but one of the poorest 
understood issues by agricultural researchers and education personnel. They attribute this poor 
understanding to limited research on the issue. Therefore, research is needed that focuses on 
determining the most profitable strategies for beginning farmers to enter into agriculture while 
managing their risk. For example, would an aspiring beef cattle producer be more profitable and 
reduce risk in the long-run by starting small and building their herd to full carrying capacity or 
start at full capacity. This is the question that will be addressed in this study. There are important 
economic tradeoffs between these strategies that could impact the long-term economic viability 
of the farm. This research will be helpful for Extension educators to help inform beginning 
producers about strategies that are more likely to be financially successful in the long-run. 
Moreover, lending agencies and firms will find the result useful in loan adjudication decisions 
and structuring term debt for beginning cow-calf producers.  
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Research Objective 
The objective of this study is to analyze the long-term profitability and risk associated with two 
possible strategies for a young and beginning farmer to establish a 30 head cow-calf operation, 
the average Tennessee herd size in 2012 (USDA NASS, 2012). Specifically, the two strategies 
include: 
1) Purchasing ten bred heifers and building the herd to 30 head of cows; and 
2) Purchasing 30 bred heifers and maintaining the breeding herd of 30 head. 
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CHAPTER II: LITERATURE REVIEW 
 
Young and Beginning Farmers 
Young and beginning farmers are a decreasing subset of the farming population. The percentage 
of farms with principal operators younger than 35 years old decreased from 8% in 1997 to 5.3% 
in 2007 (Katchova and Ahearn, 2014). In 2007, there were 715,408 beginning farms but only 
118,636 were operated by farmers under the age of 35 years old (Katchova and Ahearn, 2014).   
 Beginning farmers are both similar and different from their established farmer 
counterparts. Similarly, they both are most likely to be White, male, and non-Hispanic (Ahearn 
and Newton, 2009). However, a beginning farmer is more likely than an established farmer to be 
a woman, non-White, or Hispanic (Ahearn and Newton, 2009). Women operate in some capacity 
48% of beginning farms compared to 39% of established farms (Ahearn and Newton, 2009). 
Beginning farm operators were also 4% more likely to hold a degree from a four year college 
than operators of established farms, which could also delay the younger farmers entering into 
agricultural production (Ahearn and Newton, 2009).  
  According to Ahearn and Newton (2009), only 18% of beginning farmers rent farmland 
compared to 39% of established farmers. They state that beginning farmers are more likely to 
own all of the operated acres, and they are also more likely to be servicing debt on the land they 
own. This makes sense given they have had less than ten years to pay down their real estate debts 
and limited time to establish relationships and leases with landowners. Also, beginning farmers 
most commonly acquire land through purchases from nonrelative strangers instead of from 
relatives or inheritance (Ahearn and Newton, 2009).  
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Ahearn (2011) looked at how beginning farmers were distributed across the U.S. and 
reported most beginning farmers were operating in the Southern U.S. This region contained 47% 
of beginning farmers and 41% of established farmers, followed by the Midwest, which consisted 
of 31% beginning farmers and 38% established farmers (Ahearn, 2011). Beginning farmers, like 
established farmers, specialized in beef cattle more than any other commodity (Ahearn and 
Newton, 2009). McBride and Matthews (2011) state 60% of beef cow-calf farms are located in 
the South, which could explain why a greater percentage of beginning farms are developing in 
the South.   
 
Beginning Farms Financial Performance 
Many beginning farmers enter into agriculture for the lifestyle and amenities that a farm provides 
with less of a priority on running a viable commercial farm (Ahearn, 2011). This makes off-farm 
income vital for beginning farmers since they cannot rely solely on farm income and often 
require off-farm income to cover farming costs. In 2007, Ahearn and Newton (2009) showed 
beginning farmers brought in $88,257 in annual off-farm income compared to $76,421 earned by 
established farms. Also, in 2007, beginning farmers’ average household farm income was 
$15,699 less than established farmers’ farm income, yet beginning farmers’ total household 
income was only $3,862 less than established farms total household income (Ahearn and 
Newton, 2009). This was due to operator and spousal off-farm income. Off-farm jobs enable 
beginning farmers to maintain a livable household income when farm income is insufficient. 
The North Dakota Farm Business Management Education program works with nearly 
700 farms each year on measuring their financial performance. Taylor and Koo (2013) used 
these data to investigate financial performance of young farmers. They found differences in 
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annual net farm income for farmers 25 years old and younger ($94,347), for farmers 26 to 45 
years old ($227,911), and for farmers over 45 years old ($308,878). Debt-to-asset ratios, which 
measures solvency, for the three groups were 0.56 for farmers 25 years old and younger, 0.49 for 
farmers 26 to 45 years old, and 0.33 for farmers over 45 years old. Debt-to-asset ratios are a key 
indicator of a farm’s ability to service debt through the utilization of assets to generate revenue. 
Park et al. (2011) state insolvency can begin to occur when a farm’s debt-to-asset ratio exceeds 
0.40. Thus, younger farmers have higher debt relative to assets than older farmers, despite the 
younger farmers having fewer acres to farm than older farmers.  
The University of Minnesota’s FINBIN data provides financial summary of actual farms 
located in the upper Midwest (University of Minnesota, 2017). Gross cash farm income for 
operators less than 31 years old was only 37% of gross cash farm income for operators over 60 
years old. The report also showed farm debt-to-asset ratios were 0.59 for operators under 31 
years old, compared to 0.34 for operators over 60 years old. Similar to the Taylor and Koo 
(2013), these data indicate younger farmers were receiving a small gross cash farm income and 
had more debt relative to assets than older farmers.  
 Krapf, Raab, and Zwilling (2015) measured liquidity of farmers in Illinois based by age. 
The study used data between 1996 and 2006 and compared it to more current data from 2012 to 
2014. They used the current ratio (current assets divided by current liabilities) to compare 
liquidity across age groups. Current ratio measures the ability of current assets, if liquidated, to 
pay down any liabilities due in the same year (Zwilling and Raab, 2012). They found during 
1996 to 2006 that farmers younger than 54 years old had a current ratio of nearly one and a half. 
Farmers between 55 and 64 years old had current ratios of two. However, farmers over the age of 
65 had an average current ratio greater than three, signifying that farmers over the age of 65 had 
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higher liquidity (Zwilling and Raab, 2012). That trend was consistent in the years 2012 to 2014 
but with farmers over 45 years old becoming relatively more liquid compared to farmers under 
45.  
  Katchova (2010) conducted an analysis measuring financial performance of established 
and beginning farmers. The study used USDA Agricultural Resource Management Survey data 
and probit models to estimate how different farm characteristics affect the likelihood that key 
financial ratios fall into critical levels. The results showed, in general, small hobby farms and 
livestock farms were more likely to experience liquidity and solvency stress than other farms. 
Beginning farmers were 9% more likely to have a current ratio less than one, indicating they 
have less current assets than current liabilities. Also, 8% of beginning farmers had a debt-to-asset 
ratio greater than 0.55 compared to 3% of all farmers. 
Kauffman (2013) summarized data collected from a bank survey and found that young 
farmers tend to have higher debt-to-equity ratios. The results of the survey found that private 
banks were less likely to make loans to young farmers, but when they did, they required more 
collateral or higher interest rates than from older farmers. Banks viewed young and beginning 
farmers as higher risk borrowers with higher debt-to-asset ratios than established farmers. The 
higher debt-to-asset ratio can hinder a young farmer’s ability to repay the loans in times of 
reduced commodity prices and low farm income. Interestingly, the same banks indicated loan 
repayment rates were higher for young and beginning farmers (Kauffman, 2013). 
 Dodson and Ahrendson (2016) also state that beginning farmers have faced difficulty 
acquiring loans to purchase land, equipment, and other resources. However, the USDA FSA has 
emerged as a primary source of capital for farmers turned away by commercial lenders. USDA 
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FSA reported 82% of their direct farm loans went to beginning farmers from 2011 to 2015 
(Dodson and Ahrendson, 2016).  
 
Programs for Young and Beginning Farmers 
The USDA started providing assistance to beginning farmers in 1992 (Ahearn and Newton, 
2009). The Agricultural Credit Improvement Act of 1992 created loan programs administered by 
the USDA FSA to benefit beginning farmers seeking loans. The Farm Security and Rural 
Infrastructure Act of 2002 enabled beginning farmers to receive higher payments than 
established farmers for participation in certain conservation programs.  
The Food, Conservation, and Energy Act (FCEA) of 2008 expanded the support provided 
to beginning farmers in the previous two bills (Ahearn and Newton, 2009). The FCEA of 2008 
dealt with helping beginning farmers through credit and conservation (Sureshwaran and Ritchie, 
2011). Under the conservation title, policymakers enticed owners with land in the Conservation 
Reserve Program (CRP) to return their land to production and rent or sell to young and beginning 
farmers by providing them an additional two years of CRP payments (Sureshwaran and Ritchie, 
2011). The FCEA of 2008 also increased FSA loan program reserves for beginning farmers and 
ranchers (Ahearn and Newton, 2009). That action enabled beginning farmers to seek direct 
operating and direct farm ownership loans with less competition from established farmers. 
Additionally, grant funding was allocated to assist beginning farmers in developing value-added 
marketing opportunities (Sureshwaran and Ritchie, 2011).  
However, given all of the opportunities provided to young and beginning farmers, they 
still have a lower participation rate in most federal programs than established farmers (Ahearn 
and Newton, 2009). Only 25% of beginning farmers, compared to 42% of established farmers, 
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participate in any government farm programs. Beginning farmers only receive government 
payments on average of $1,353 per farm compared to an average $4,772 per farm received by 
established farmers (Ahearn and Newton, 2009). This difference could likely be explained by 
beginning farmers operating considerably less acreage.  
  
Beginning Beef Cattle Operations 
The 2012 Census of Agriculture shows that 35% of all U.S. cattle operators are older than 64 
years old, and 27% of all cattle operators are between ages 55 and 64 years old (USDA NASS, 
2012). Beef cattle producers over the age of 65 years old make up over half the U.S. cattle and 
calf total sales in 2012. There will likely be a substantial turnover of productive assets for beef 
cattle operations over the next decade (Schulz et al., 2017).  
In Tennessee, beef cattle production was the second highest of all commodities in cash 
receipts, accounting for approximately 20% of all commodities sales in 2012 (USDA NASS, 
2012). Over half of all Tennessee farms had beef cattle with the majority of these operators being 
older than 55 years old (USDA NASS, 2012). Therefore, Tennessee beef cattle operations will 
also likely see a significant turnover in operators in the coming years. Educating young and 
beginning beef cattle farmers on ways to establish and insure long-term economic sustainability 
is important for the state’s agricultural economy.  
Several Extension services have provided useful decision tools and articles for making 
the investment decision into a cow-calf operation. Wardynzski and Thompson (2016) described 
in detail many production and financial decisions that are crucial for the long-run profitability of 
cow-calf operations. For example, one of the most critical decisions for these beginning cow-calf 
operations is calving season. Optimal calving season likely depends on forage supply, labor 
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supply during calving season, and seasonal prices. This article also mentions the importance of 
nutrition, health, breeding, and genetic selections. Thompson (2016a) stressed the importance of 
developing a comprehensive business plan, and Thompson (2016b) addressed the importance of 
marketing of calves such as selling weaned calves, retaining calves for backgrounding, or 
retaining calves until slaughter weight.  
 Troxel and Simon (2007) discussed management practices for small beef cow-calf herds 
that are critical for beginning farmers. For example, short calving seasons lead to increased 
efficiency and profitability for a cow-calf herd. Another practice for small beginning farmers 
with limited acreage is leasing a bull rather than keeping a bull year-round. Troxel and Simon 
(2007) state that bull leasing is a good way to improve herd genetics while minimizing the 
capital investment and yearly operating expenses associated with keeping bulls. Also, they state 
that investing in proper handling equipment on the front end will pay off in improved efficiency 
and safety in the long-run. They also provide insight into the proper stocking rate and grazing 
techniques like rotational/controlled and strip grazing. These practices help prolong the grazing 
period and fully maximize pasture productivity. 
The recommendations by Wardynzski and Thompson and Troxel and Simon are useful 
management and production practices for producers starting a cow-calf herd. However, research 
is needed that compares how different strategies for starting a cow-calf herd impact long-term 
financial performance and viability. For example, if a farmer is interested in establishing a cow-
calf operation with 30 cows, they could start small (buy ten bred heifers and grow the herd, 
through heifer retention, to 30 cows over time) or buy 30 bred heifers. These strategies, for 
starting a cow-calf farm, have not been systematically analyzed to determine relative profitability 
and risk over time.  
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CHAPTER III: ECONOMIC FRAMEWORK 
 
Net Present Value 
For row crop production, managing cash flow to pay their debt liabilities is important for a 
young and beginning farmer to remain in operation. Annual net returns above production costs is 
an appropriate measurement of profitability in row crop production. However, a young and 
beginning cow-calf producer is investing capital into breeding animals with hopes of future 
revenue being produced (i.e., trading short term revenue (calf sales) for long term assets 
(breeding stock) and future revenue (additional calves)). Estimating the profitability of a 
beginning cow-calf operation would be more accurately reflected by calculating net present 
value (NPV), or alternative Discounted Cash Flow metrics, for the investment into the herd, the 
sum of the discounted value of future net returns (Meek, Whittier, and Dalsted, 1999; Shulz and 
Gunn, 2016).  
 Annual net returns are estimated by subtracting the cost of production from the revenue 
in a given year, and capital investments, if any (Yeboah et al., 2013). Assuming that producers 
market calves after a short weaning period, revenue is determined by factors such as calving rate, 
cattle prices, weaning weights, the number of cows culled, and the replacement rate of heifers. 
Production costs include pasture, feed, land, animal health, reproduction, marketing, and labor 
expenses for maintaining the herd.  
 This research compares the profitability of two strategies (i = 1, 2) that could be 
implemented when starting a 30-head cow-calf operation. The strategies are: 
Strategy one – purchasing ten bred heifers with the intent to expand to 30 head of cows; and  
Strategy two - purchasing 30 bred heifers and maintaining an annual breeding herd of 30 head.  
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A profit-maximizing producer would select the strategy for starting a cow-calf operation that 
maximized expected NPV.   
Discounted Cash Flow (DCF) Model 
Expected NPV for these strategies are calculated by first estimating the expected annual 
free cash flows (FCF) for a young and beginning cow-calf producer, expressed as  
(1) 𝐸[𝐹𝐶𝐹𝑡𝑖] = 𝑁𝑂𝑃𝐴𝑇𝑡𝑖 + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛𝑡𝑖 − 𝐶𝑎𝑝𝑒𝑥𝑡𝑖 
where E[FCFti] is expected free cash flows ($) in time period t (t = 0,…,T) for the ith strategy of 
starting a cow-calf operation; NOPATti is net operating profits after taxes; Depreciationti is the 
reduction in the value of buildings and equipment; Capexti is the capital expenditures spent on 
animals, buildings, and equipment in the given period. Equation 1 is estimated following 
Fundamentals of Financial Management by Brigham and Houston (2013). Capex is different for 
each strategy due to the different quantity of bred heifers bought for the initial herd. 
 Net operating profits, used in determining NOPAT for each strategy, are calculated as 
(2) 𝐸[𝜋𝑡𝑖] = 𝑃𝑡
𝑠𝑌𝑡
𝑠𝑄𝑡𝑖
𝑠 + 𝑃𝑡
ℎ𝑌𝑡
ℎ𝑄𝑡𝑖
𝑠 + 𝑃𝑡
𝑐𝑌𝑡
𝑐𝑄𝑡𝑖
𝑐 + 𝑃𝑡
𝑎𝑌𝑡
𝑎𝑄𝑡𝑖
𝑎 − 𝑂𝐶𝑡𝑖 
where E[𝜋𝑡𝑖] is expected operating profits ($) in time period t (t = 0,…,T) for ith strategy of 
starting a cow-calf operation; 𝑃𝑡
𝑠 is the price of steer calves ($/lb); 𝑌𝑡
𝑠 is the weight of the steer 
calves (lb/head); 𝑄𝑡𝑖
𝑠  is the quantity of steer calves sold (head);  𝑃𝑡
ℎ is the price of heifer calves 
($/lb); 𝑌𝑡
ℎ is the weight of the heifer calves (lb/head); 𝑄𝑡𝑖
𝑠 is the quantity of heifer calves sold 
(head); 𝑃𝑡
𝑐 is the price of culled cows ($/lb); 𝑌𝑡
𝑐 is the weight of culled cows (lb/head); 𝑄𝑡𝑖
𝑐  is the 
quantity of cull cows sold (head); 𝑃𝑡
𝑎 is the price of aged heifers ($/lb); 𝑌𝑡𝑖
𝑎 is the weight of aged 
heifers (lb/head); 𝑄𝑡𝑖
𝑎  is the quantity of aged heifers sold (head); 𝑂𝐶𝑡𝑖 is the annualized total 
operating cost for the herd ($). Operating costs include pasture and hay expenses, supplemental 
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feed, veterinarian, reproduction, labor, marketing, equipment repair and maintenance, and 
depreciation.  
Net present value is calculated assuming complete liquidation of the operation at the end 
of the ten year period. The forecast period of ten years allows enough time for varying strategies 
to reach their desired capacity regardless of starting size and ending capacity to a certain level. 
Annual FCF for the ten year production period are discounted to find the NPV for the beginning 
farm, expressed as 
(3) max
𝑖
𝐸[𝑁𝑃𝑉𝑖] =  −(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑎𝑝𝑒𝑥0𝑖) + ∑𝑡=1
𝑇  
𝐹𝐶𝐹𝑡𝑖
(1+𝑊𝐴𝐶𝐶)𝑡
  
where 𝐸[𝑁𝑃𝑉𝑖] is the sum of the discounted annual expected FCF ($); Initial Capexi is the 
investment in buildings, equipment, and livestock for strategy i in year zero; and WACC is the 
weighted average cost of capital calculated as 
(4) 𝑊𝐴𝐶𝐶 = 𝑤𝑒 × 𝑟𝑒 + 𝑤𝑑 × 𝑟𝑑 
where 𝑤𝑒 is the percentage of financing from equity; 𝑟𝑒 is the cost of equity; 𝑤𝑑 is the percentage 
of financing from debt; and 𝑟𝑑 is the cost of debt.  
 Modified internal rate of return (MIRR) is also used to compare the start-up strategies. It 
is used to determine the return rate of a project and compare that rate with similar projects 
(Brigham and Houston, 2013). MIRR is used instead of the traditional internal rate of return 
(IRR) because it more accurately states a projects returns by reinvesting cash flows at the WACC 
instead of the IRR (Brigham and Houston, 2013). MIRR is calculated as 
(5) 𝑀𝐼𝑅𝑅 = (
𝐹𝑉𝑇
+
𝑃𝑉0
−)
1
𝑇
− 1 
where 𝐹𝑉𝑇
+ is the future value at time t of all positive FCF; and 𝑃𝑉0
− is the absolute value of the 
present value at time zero of all negative FCF. 
 15 
 Another important component to consider when selecting a strategy for starting a cow-
calf operation is how these decisions can impact the variability of NPV (i.e., risk exposure). 
Depending on a producer’s risk aversion level, the strategy that starts with ten bred heifers could 
be preferred to investing into the 30-head herd, despite the possibility of producing fewer calves 
for several years. With this strategy, the producer does not have as much capital invested into the 
herd, which could reduce their risk exposure. A producer’s decision-making framework to select 
the optimal strategy for starting a cow-calf operation that considers risk and profit follows utility 
maximization, defined as 𝑈(𝑁𝑃𝑉𝑖, 𝑟) where r is the producer’s risk preference level (Hardaker et 
al., 2004). A rational, risk averse producer would choose the strategy for starting a cow-calf 
operation that maximizes utility.  
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CHAPTER IV: MATERIALS AND METHODS 
 
Data 
Data were collected from various data sources. Details on databases and data collection are 
provided in this section. 
Prices 
Monthly Tennessee beef price data for 500-600 pound (lb) steers and heifers, culled cows, and 
aged heifers were collected between 2000-2017 from USDA Agricultural Marketing Service, 
2018. Bred heifer prices were collected between 2008-2017. All prices were adjusted into 2018 
dollar values using the U.S. Bureau of Labor Statistics Producer Price Index (2019). Table 1 
shows the average price per hundred weight (cwt) of weaned steers and heifers, aged heifers, and 
cull cows. Average prices for specific months each animal type would be bought or sold were 
used to account for seasonal price fluctuations. Steers and heifers from a spring-calving herd 
were assumed to be weaned and sold around August-October. Retained heifers and cows that 
remain open at the end of the 90-day calving season were assumed to be sold in June-July. Bred 
heifers are assumed to be purchased in November year zero, a few months prior to the spring-
calving season.  
Weaning Weights 
Weaning weights of spring born calves came from Boyer and Griffith (2018). This study used 19 
years of data from a herd at Ames Plantation Research and Education Center, near Grand 
Junction, Tennessee to estimate calf weaning weights as a function of dam age and calf sex. The 
study found through a quadratic response function that weaning weights increase until a dam age 
of seven years old, then decrease. Calf sex was a binary variable to adjust the average weight for 
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steer or heifer calves (steer = 1, heifer = 0). Table 2 shows the parameter estimates for weaning 
weight response to dam age and calf sex (Boyer and Griffith, 2018). 
Production Costs 
Production costs were determined using the University of Tennessee Extension Cow-Calf 
Budgets from 2015-2018 (Griffith and Bowling, 2015; 2016; 2017; 2018). The costs were 
adjusted for inflation using the Producer Price Index (PPI) (Bureau of Labor Statistics, 2019) and 
averaged. Production costs include pasture production, hay purchases, supplemental feed, 
veterinarian and medical, reproduction, labor, and land rent (Table 3). Hay was purchased at a 
cost of $83.79/ton in Table 3 because the purchase hay expense was less than the estimated hay 
production expense when additional land and equipment requirements were considered. Heifer 
development costs were accounted for in the model through higher supplemental feed costs and 
veterinary and medical costs shown in Table 3. Reproductive costs consisted of $55.11/head for 
artificial insemination plus $523.66 rental cost for a cleanup bull each breeding season. Labor 
was $10.47/hour, and the Cow-Calf Budgets (2018) estimated eight labor hours per head each 
year. Land rent for the producer of $20.95 per acre was the four year PPI adjusted average from 
Smith et al. (2017). A repair and maintenance cost of 2% of purchase value is included to 
account for general wear and tear on buildings, equipment, and machinery each year. 
Pasture production costs, shown in Table 4, included expenses such as fertilizer, 
herbicide, and prorated establishment costs. The total pasture expense was $126.65/acre. In line 
with the 2018 Cow-Calf Budgets, pastureland/head was 1.5 acres, so farm size was 45 acres for 
both strategies.  
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Investments 
Capital expenditures for buildings, equipment, and machinery shown in Table 5 were 
obtained from the 2018 Cow-Calf Budgets. Capital expenditures for buildings, equipment, and 
machinery necessary for the operation totaled $101,000. Buildings (hay barn and equipment 
shed) were $14,000, Handling equipment (corral and chute, fencing, and trailer) were $28,000, 
and machinery (tractor, hay wagon, rotary mower, sprayer, and truck) were $59,000. Building, 
equipment, and machinery capital expenditures were the same for both scenarios. Capital 
expenditures for the initial cattle herd were the price of bred heifers ($1,872.97) times either ten 
or 30 head depending on the strategy. Capital expenditures for strategies one and two were 
$18,730 and $56,189, respectively.  
Salvage value and useful life for purchased buildings, equipment, and machinery, shown 
in Table 5, are from the 2018 Cow-Calf Budget (Griffith and Bowling, 2018). Each item’s 
depreciation schedule is calculated as the cost minus salvage value divided by the useful life. 
Yearly depreciation expense is the sum of each year’s depreciation schedules used in operating 
costs for the DCF model. Salvage values are used in calculating the Terminal Value of the 
operation at the end of the forecasted period. 
Initial capital expenditures were financed at a 6% interest rate, consistent with industry 
rates (Poore, 2018). Loan terms, following industry limits, were ten years for buildings, seven 
years for machinery and equipment, and six years for livestock (Farm Credit Mid America, 
2019). Tables 6 and 7 show the loan amortization schedules of initial capital expenditures for 
strategies one and two, respectively. Individual repayment schedules for buildings, machinery 
and equipment, and livestock are shown as well as the sum total repayment schedule for all 
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initial capital expenditures. Yearly payments were broken down into principal and interest 
payments required each year.  
 
Methods 
Cattle Herd Model 
A Microsoft Excel© spreadsheet was used to model the dynamics through which the cattle herd 
would expand or maintain its size. Tables 8 and 9 show the herd growth and maintenance for 
strategies one (starting with ten and growing to 30 head) and two (starting with and maintaining 
30 head), respectively. The model has a pre-established desired herd size comprised of “cows 
bred” and “heifers bred” that it grows towards. Starting in year zero, bred heifers are bought in 
November, and calve in the spring of year one. The number of calves born is calculated by 
multiplying the quantity of “cows bred” by the “calving rate” plus “heifers bred” by the “heifer 
calving rate”. This quantity of “calves born” is then split into 50% heifers and 50% steers. In the 
case of an odd number of “calves born”, heifers have a round function to round the value up to 
the next integer, and “steers born” is the difference between “calves born” and “heifers born”. 
Heifers are retained if the quantity of “cows bred” plus “heifers bred” minus “cows culled” and 
“aged heifers sold” is less than the target herd size (30 head) in a given year. Once the herd size 
reaches its target, “heifers retained” is equal to the quantity of “cows culled” plus “aged heifers 
sold” to maintain the herd size with replacements. For example, replacement heifers born in year 
one are bred in year two and have their first calf in year three (January-February). During the 
breeding season in year three (April-May), those heifers born in year one are added to the 
quantity of “cows bred” because they are no longer considered heifers. Any excess heifers and 
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all steers are sold at weaning each year (“total calves sold”). Neither strategy retains any heifers 
in year ten, so all heifers born are sold in the final year in preparation for liquidation. 
Cows’ calving rates are 90%, which is assumed from the 2018 Cow-Calf Budget (Griffith 
and Bowling, 2018). Aged heifers have lower calving rates than a cow that has calved before, so 
their calving rate is assumed to be 80%. Cows that fail to become or complete pregnancies are 
culled because of added cost burden to the producer for an entire year.  
The average age of the herd each year was calculated by tracking the age of breeding 
cows throughout the ten year period. For simplicity, the model assumes that cows culled are the 
oldest cows in the herd to create a proper cycling of animals through the herd. The herd’s 
average age for each strategy each year was inputted into the quadratic response function to 
calculate an average weaning weight for steers and heifers each year (Table 9). Cull cow weights 
(1,200 lb.) were chosen using weights assumed in the 2018 Cow-Calf Budget (Griffith and 
Bowling, 2018). Aged heifer weights (850 lb.) were assumed from average weight ranges 
provided in the USDA Agricultural Marketing Service price data.  
Discount Rate 
Weighted average cost of capital captures interest expenses and anticipated returns for equity 
holders in the operation. Following equation 4, WACC is calculated by multiplying the 
percentage of financing from equity by the cost of equity plus the percentage of financing from 
debt times the cost of debt. The cost of equity is assumed to be 10% and the assumed interest rate 
(cost of debt) is 6% (Poore, 2018). Using the cost of equity and debt with industry debt/asset 
ratios near 0.60 (Taylor and Koo, 2013; University of Minnesota, 2017) the WACC is calculated 
to be 7.6%. The WACC is used to discount forecasted free cash flows back to present term 
values. 
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Terminal Value 
The terminal value in year ten for both strategies is $82,598 but only valued at $39,705 
when discounted back to its present value. Discounted terminal value was included in year ten 
FCF, so terminal value is included in the NPV for both strategies. The terminal value is 
comprised of the sale of all assets including cattle, buildings, equipment, and machinery. 
Breeding cows are sold for $1,200 per head. Buildings, equipment, and machinery are sold based 
on their residual book values after being depreciated over the ten year period. This assumption 
was made to avoid overvaluing the sale of any equipment; however, there is potential for a larger 
terminal value to be received if all assets were marketed as a single transaction sale. The time 
period of ten years was selected for the model to allow enough time for different strategies to run 
their full course. A producer could potentially start with fewer than ten cows or plan to expand 
the herd beyond 30 head, and the model was designed to accommodate additional alternative 
strategies. 
Simulation 
Cattle producers are subject to many sources of risk, but production and price risks are likely the 
two primary sources on an annual basis (Kay, Edwards, and Duffy, 2012). This research focuses 
on the price risks faced by a cow-calf producer. Price risk is defined as uncertainty around cattle 
prices. Therefore, to consider these uncertainties in this decision, Monte Carlo simulation models 
were developed to estimate distributions of NPV by strategy. 
Prices for heifers, steers, aged heifers, and culled cows were simulated using historical 
Tennessee price data from 2000-2017. Prices were normally distributed around their mean and 
correlated using a correlation coefficient matrix. @RISK: Risk Analysis and Simulation Add-in 
for Microsoft Excel was used to develop the distributions and perform the simulations (Palisade, 
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2019). A total of 5,000 NPV observations were simulated for each strategy. Output variables 
identified were NPV and yearly off farm income necessary to break even, which is calculated as 
the difference between FCF and loan principal plus interest due in a given year. In the case that 
FCF are negative, then off farm income would need to equal the negative FCF plus the principal 
and interest expense. Cumulative distribution frequencies (CDF) were used to interpret the 
probability of reaching specific NPV’s for each strategy’s baseline model (Yeboah et al., 2013). 
The distributions of yearly off farm income needed to break even were shown with box and 
whisker plots for each baseline strategy.  
An alternative scenario was used to analyze a positive outlook for cattle prices 
throughout the forecasted period. Cattle prices were increased by 2% each year for the ten year 
period to replicate an upward trend of prices that the cattle industry has experienced many times 
in history (Brooks, 2015). NPV and break even funds were also analyzed under the alternative 
positive outlook scenario. 
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CHAPTER V: RESULTS AND DISCUSSION 
 
Cattle Herd Model Results 
Herd Growth and Maintenance 
The cattle herd growth models (Tables 8 and 9) for each strategy capture the dynamics of a 
growing cattle herd over a forecasted period. Strategy one (starting with ten bred heifers) sees 
herd growth at an increasing rate until it reaches the desired size in year six (Table 8). The total 
calves sold reaches a peak at 22 head sold (13 steers and nine heifers) in year seven, which is the 
first calving from the complete 30 head cattle herd. In year seven, the herd reaches an 
equilibrium comprising of 26 breeding cows and four retained heifers to be bred. Of these 30 
head, four are expected to not become or complete their pregnancies and be culled. The 
equilibrium replacement rate for the herd is calculated to be 13.33% of herd size, equating to a 
7.5 year average useful life per head. 
Strategy two’s herd growth model (starting with 30 bred heifers) starts at the desired herd 
size, so its primary goal is to maintain the herd size throughout the forecasted period. By year 
four, the herd equilibrates with 26 breeding cows and four retained heifers like strategy one in 
year seven. Once strategy one reaches year seven, the two strategies are identical for the 
remainder of the forecasted period. 
Average Herd Age and Weaning Weights 
Weaning weights, calculated as a function of dam age and calf sex by Boyer and Griffith 
(2018), are shown in Table 10. Average herd age was derived from the cattle herd models for 
both strategies and imputed into the weaning weight function. Average herd age for both 
strategies begin year one the same as both herds are only comprised of the initial bred heifers. 
 24 
However, strategy two’s average herd age increases at a faster rate because it is more heavily 
weighted with the initial cows from year zero. By year seven, strategy two’s average herd age 
begins to increase at a decreasing rate and eventually ends at 6.5 years in year ten. Strategy one 
ends year ten with an average herd age of 5.77 years.  
These average herd ages, imputed into the weaning weight quadratic response function 
derived by Boyer and Griffith (2018) resulted in increasing weaning weights of calves born each 
year under both strategies (Table 10). Strategy two had higher weaning weights than strategy one 
because of its higher average herd age. However, in year ten the difference in weaning weights 
for steers and heifers between both strategies was less than ten lbs. This gap was due to average 
herd age decreasing as well as the quadratic effect of the function causing diminishing gains as 
the dam ages increased. The results from the weaning weight function better account for 
efficiencies within the herd as the average age of the herd increases to a certain point.   
 
Economic Results 
Discounted Cash Flow Model 
Strategy one saw slowly increasing revenues over the ten year period (Table 11). This is 
attributed to the herd size starting small and the need to retain weaned heifers to grow the herd. 
However, when the herd reaches the desired size of 30 breeding head, revenues exceed $23,000 
and continue to steadily increase. Weaned steers account for greater than 70% of revenues 
through year four; whereas, weaned heifers account for 0% of revenues because all are retained. 
After year four, 50% of revenues are from steers, 33% are from heifers, and the remainder are 
from open aged heifers and cull cows sold. Both strategies converge on similar revenue 
structures in year seven.  
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 Table 11 shows the discounted cash flow model for strategy one. Pasture and purchased 
hay expenses account for 41% of total operating expenses in year ten. However, they only 
account for 23% of operating costs in year one due to the smaller herd size creating a larger fixed 
operating costs like depreciation and equipment repair and maintenance per head. In year one, 
the operating profit margin for strategy one is -257%, eventually leveling out around -30% 
around year seven. The large negative operating profit margin is due to the strategy’s focus to 
retain heifers, growing the value of assets instead of revenues in the early years. Operating profit 
margins are negative due to the negative operating income. Depreciation expense of close to 
$6,500 (21% of year ten operating costs) negatively impacts the operating profits heavily. 
Negative profit margins are not good for the long-term success of an enterprise. 
Revenues for strategy two start around $21,000 in year one and steadily increase higher 
than $24,000 by year ten because the herd starts off at the desired size of 30 head (Table 12). 
Revenues generated are about 50% from weaned steers sold, 33% from heifers, and the rest 
comprising of open aged heifers and cull cows sold, similar to the final years of strategy one. 
 Table 12 shows the discounted cash flow model for strategy two. Pasture and purchased 
hay expense consistently accounts for roughly 41% of the total operating expenses for the 
strategy. Operating profit margins start in year one around -40%, but improve slightly higher 
around -27% by the end of the forecasted period.  
Net Present Value 
 Strategy one yields a NPV of -$118,871 and a MIRR of -12.3% (Table 13). A negative 
NPV indicates the present value of the future cash flows from the ten year strategy are less than 
the present value of the initial capital expenditures (Brigham and Houston, 2013). Having 
negative cash flows for the entire ten year period means, regardless of the WACC, the project 
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will not have a positive NPV. A negative MIRR indicates that the sum of cash flows generated 
by the project are less than the initial investment cost and the project will lose money. 
Strategy two yields a NPV of -$128,765 and a MIRR of -13.1% (Table 13). Strategy 
two’s NPV is roughly $10,000 less than strategy one’s, indicating that a producer would lose an 
additional $10,000 at the end of the ten year period by choosing strategy two. 
Break Even Funds 
FCF for strategy one shown in table 14 reach a low in year four at -$10,272. This is when 
the herd is growing at its fastest rate, retaining eight heifers, prior to reaching the target herd size. 
By year seven, free cash flows are less than -$2,000 ending at $2,659 in year ten because no 
heifers are retained. Table 14 also shows the loan required to finance the capital expenditures 
made in year zero and the subsequent yearly payments toward the principal with interest 
calculated at 6%. Most importantly, breakeven supplemental income, the summation of the 
yearly FCF and loan repayment, is how much off farm income the producer will need to 
supplement the farm (Table 14). With strategy one, necessary supplemental off farm income 
peaks at $31,568 in year four and is greater than $30,000 a total of three years. The off farm 
income values show the amount of money necessary to cover the farm losses from negative FCF 
and the loan repayment required to avoid defaulting, keeping the farm in business. 
Free cash flows for strategy two reach a low in year two at -$3,130 but end year ten at 
$2,948 (Table 14). Strategy two requires a larger livestock loan than strategy one, so yearly 
principal and interest payments due are greater than strategy one’s for the first six years until the 
livestock loan is paid off. The first six years’ payments are $28,914, compared to strategy one’s 
payments during the same period of $21,296. However, the higher loan payments are partially 
offset by the less negative FCF under strategy two. Year two has the largest off farm income 
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requirement of $32,044 for strategy two. Supplemental off farm income necessary for strategy 
two is greater than $30,000 a total of six years (Table 14).  
 
Simulation 
Net Present Value 
The baseline model for both strategies was simulated to find distributions of NPV and break 
even off farm income. Figure 1 shows the CDF for strategy one’s NPV. Based on the 
distribution, strategy one has a 95% probability of losing more than $86,377 with an average 
NPV of -$124,941. The standard deviation was $23,672.  
 The estimated mean NPV for strategy two of -$134,416 was lower than strategy one 
(Figure 2). With a standard deviation of $37,718, strategy two has greater variability in NPV 
than strategy one. It has a 95% probability of losing at least $72,424 but yielded a maximum 
simulated NPV of positive $10,515. Strategy two is more heavily impacted by fluctuating cattle 
prices because the total quantity of cattle sold over the ten year period is greater than strategy 
one. Strategy two projects selling 231 head of cattle compared to 146 head sold under strategy 
one (Tables 8 and 9).  
Break Even Funds Required 
Figures 3 and 4 are box and whisker plots showing the ranges of break even funds needed to 
cover the negative FCF and the loan plus interest payments. Strategy one has less variability in 
the first four years due to the smaller quantities of cattle sold, compared to other years. The 
average funds needed for strategy two in the first six years are consistently at or above $30,000; 
however, the greater variability shows the possibility of the funds needed being between $25,000 
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and $35,000. Both strategies have greater than a 25% probability that either strategy could be 
self-sufficient (require $0 off farm income) in years eight, nine, or ten.  
Alternative Scenario One (Optimistic Outlook on Cattle Prices) 
With cattle prices being projected to increase for the ten year period, expected NPV and break 
even funds needed change favorably for both strategies. Figure 5 shows the CDF for strategy one 
under the alternative scenario. The mean NPV is -$112,198 compared to -$124,941 in the 
baseline CDF. The strategy has a 95% probability of losing more than $68,040, compared to 
$86,377 from the baseline model CDF. However, strategy two has the potential to benefit more 
than strategy one under the alternative scenario. With a mean NPV of -$118,248, it slightly 
closes the estimated NPV gap with strategy one. Strategy two has a max simulated NPV of 
$30,141, indicating a very small probability that it could be profitable at the end of ten years. 
However, a producer’s risk tolerance will impact the strategy chosen, as strategy two has a much 
larger standard deviation and subsequently a much higher variability in NPV. Strategy two has a 
standard deviation of $41,488, compared to $26,621 for strategy one in the alternative scenario. 
Strategy two is more susceptible to price fluctuations because of the higher quantity of cattle 
sold, and this susceptibility can create great opportunity or turmoil for a producer. 
 Break even funds needed in the first several years for both strategies are very similar to 
the baseline model’s distributions as the 2% per year cattle price increase is not very impactful 
(Figures 7 and 8). The alternative scenario benefits both strategies more toward the second half 
of the forecasted period. Both strategies in years eight through ten have greater than a 50% 
probability of being self-sufficient and not needing off farm income to cover negative free cash 
flows or loan payments.  
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CHAPTER VI: CONCLUSIONS AND RECOMMENDATIONS 
Farmers entering agriculture face tougher challenges than previous generations of beginning 
farmers. Greater competition for land assets, tougher scrutiny from financial lenders, and higher 
costs for equipment and inputs make starting and sustaining a new farm difficult. A producer 
starting a cow-calf operation in Tennessee faces many tough decisions, one of which being the 
size of the initial herd. The producer could start small with plans to grow the herd over time to a 
desired herd size, or purchase the full desired herd from the start. However, little research has 
addressed the comparative financial feasibility of these different strategies to begin a cow-calf 
operation. 
 Therefore, the objective of this study was to analyze the long-term profitability and risk 
associated with different possible strategies for a beginning farmer to establish an average sized 
cow-calf operation (30 head) in Tennessee. A discounted cash flow model was used to determine 
the financial feasibility of starting and continuing an operation for ten years. The DCF model 
followed two different start-up strategies: starting with ten head and slowly expanding through 
the retention of weaned heifers or starting at the desired herd size and maintaining. Off farm 
income is essential in enabling part-time and hobby farmers to continue their operations when 
there are negative cash flows from operations or outstanding loans due; therefore, this study also 
identified the levels of off farm income necessary for each strategy to break even and remain 
operational.  
 The model calculated FCF and ultimately NPV to compare strategies. Cattle prices were 
calculated using historical Tennessee prices and production costs were established using four 
years of University of Tennessee Cow-Calf Budgets (Griffith and Bowling, 2015; 2016; 2017; 
2018). A cattle herd growth model was established to forecast herd growth rates and cattle 
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quantities sold. Weaning weights of steers and heifers were calculated using a quadratic response 
function estimated by Boyer and Griffith (2018). Due to variations in cattle prices, simulations 
were used to estimate the distributions of expected NPV. Distributions of expected break even 
funds were simulated to provide probable ranges of supplemental off-farm income required by 
producers. An alternative scenario where cattle prices are assumed to increase steadily 
throughout the forecasted period provided a potential positive outlook that can be accounted for 
in the model. Income taxes were not considered in the model due to uncertainties with 
regulations and future laws. 
 Both strategies had a negative NPV in the baseline models, though strategy two’s NPV 
was lower at -$128,765. Also, MIRR was calculated for both strategies and both were lower than 
-12%. FCF for both strategies were negative throughout the forecasted period; however, strategy 
one had lower FCF of -$6,000-10,000 the first five years, compared to -$2,000-3,000 for strategy 
two. Off farm income needed to break even was very important for both strategies to remain 
viable through the ten year period. Strategy two consistently required greater than $30,000 
during the first six years. Based on simulations there was a high (>95%) probability that both 
strategies would have an NPV lower than -$70,000. The alternative scenario did show if cattle 
prices steadily increased, then by year eight, both strategies had greater than a 50% probability of 
having enough positive cash flows from operations to cover the loan payment and be self-
sufficient. 
There are tradeoffs that impact the strategy that would best suite a potential beginning 
farmer other than the NPV or other financial metrics. Firstly, a beginning farmer that is not the 
most proficient at cattle farming might opt for a smaller initial herd size to allow time to adapt 
and learn. Along with that smaller initial herd, would come a smaller loan and less interest to be 
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paid to a financial lender. The smaller loan would leave the producer less exposed to financial 
trouble in the event that he/she is unable to make the scheduled payments. However, starting 
with a smaller herd incurs higher fixed costs per head which causes the operation to be less 
efficient and underutilize its buildings and equipment. That underutilization makes the 
machinery and equipment investments very expensive relative to the benefit gained. 
Both strategies create a large requirement for off farm income to subsidize the negative 
cash flowed operation and make the loan payments. However, once a producer has paid off the 
loans from the initial investment, the only potential losses would come from the operation itself. 
The model does not account for an individual producer’s ability to operate in a minimalist, 
efficient manner that can cut down on production costs. The major production costs being 
pasture and hay provides producers the opportunity to be good stewards of their land, which 
could reduce those costs over time. Another opportunity for producers is to keep well maintained 
equipment that can last longer than the expected useful life. 
Strategy one ultimately provides the least negative NPV, while reducing financial risk 
with a smaller initial loan. It also enables a beginning farmer to adapt and learn while only 
managing a small herd. The larger negative cash flows incurred by strategy one can potentially 
be reduced through efficiencies and good management practices; whereas, a larger loan payment 
cannot as easily be reduced when funds are short.  
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Tables 
Table 1. Tennessee Average Cattle Prices Adjusted for Inflation for Selected Sale/Purchase 
Period 
 
Steer 
($/cwt) 
Heifer 
($/cwt) 
Aged 
Heifer 
($/cwt) 
Cull Cows 
($/cwt) 
Bred Heifer 
($/hd) 
Avg. Price $146.57 $132.79 $113.90 $71.27 $1,872.97 
Minimum $105.68 $94.17 $84.34 $56.27 $1,215.04 
Maximum $237.05 $219.16 $183.14 $110.69 $2,868.08 
Median $139.34 $126.63 $106.78 $68.80 $1,835.66 
Standard Deviation $34.82 $32.71 $24.25 $15.24 $549.21 
Coefficient of Variation 0.238 0.246 0.213 0.214 0.293 
Years Data Collected 2000-2017 2000-2017 2000-2017 2000-2017 2008-2017 
Month(s) Sold Aug. - Oct. Aug. - Oct. June - July June - July  
Month(s) Bought     November 
Source: USDA Agricultural Marketing Service 
Note: Month(s) Sold/Bought are months that each cattle type is sold or bought, so only prices 
from those months were averaged.  
 39 
Table 2. Predicted Weaning Weights as a Function of Dam Age and Calf Sex 
 Parameter Estimates Spring Calving Season 
Intercept (β0) 353.48* 
AGE (β1) 65.529* 
AGE2 (β2) -4.5218* 
S (β3) 32.723* 
Source: Boyer and Griffith (2018) 
Note: * indicates significance at the 1% level. Units are in lb/head. 
AGE (β1) is dam age in years 
AGE2 (β2) is dam age squared 
S (β3) is calf sex (1 = steer, 0 = heifer) 
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Table 3. 2015-2018 Average Expected Production Expenses Adjusted for Inflation Using 
Yearly PPI Averages 
Item Units Cost Min Max St. Dev. CV 
Pasture Production acre $126.65 $116.84 $136.31 9.00 0.07 
Hay Production acre $195.10 $180.68 $208.95 12.97 0.07 
Purchased Hay ton $83.79 $80.00 $87.02 2.94 0.04 
Bull Rental head $523.66 $500.00 $543.90 18.36 0.04 
Supplemental Feed        
     Retained Replacement Heifers head $76.05 $69.19 $80.44 4.99 0.07 
     Calves head $6.76 $6.15 $7.15 0.44 0.07 
Salt & Mineral lb. $0.37 $0.35 $0.38 0.01 0.04 
Vet & Med       
     Cows head $15.45 $14.83 $16.32 0.68 0.04 
     Retained Replacement Heifers head $19.24 $18.50 $20.12 0.67 0.04 
     Calves head $15.84 $14.83 $16.86 0.87 0.06 
Reproduction (Artificial 
Insemination) head $55.11 $53.68 $56.20 1.21 0.02 
Labor hours $10.47 $10.00 $10.88 0.37 0.04 
Land Rent acre $20.95 $20.00 $21.76 0.73 0.04 
Sources: 2015-2018 University of Tennessee Cow-Calf Budgets and Smith et al. (2017) 
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Table 4. Pasture Production Expenses per Acre Averaged and Adjusted for Inflation 
Pasture Expense Items Unit $/Unit Quantity Cost($)/acre 
Prorated Establishment Cost acre $40.00 1 $40.00 
Nitrogen lb. $0.52 60 $30.92 
Phosphorus (P2O5) lb. $0.46 30 $13.78 
Potassium (K2O) lb. $0.34 30 $10.17 
Fertilizer Application acre $6.86 1 $6.86 
Lime ton $34.74 0.2 $6.95 
Lime Application acre $11.56 0.2 $2.31 
Herbicide acre $5.00 1 $5.00 
Herbicide Application acre $10.67 1 $10.67 
Total Pasture Expense per Acre   $126.65 
Source: 2015-2018 University of Tennessee Cow-Calf Budgets 
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Table 5. Equipment and Machinery Costs and Salvage Information for Depreciation 
Scheduling 
 Cost Salvage % 
Salvage 
Value 
Useful 
Life 
Yearly 
Repair and 
Maintenance 
Buildings and Handling 
Equipment 
     
Hay Barn $9,000 20% $1,800 15 $180.00 
Equipment Shed $5,000 20% $1,000 15 $100.00 
Corral and Chute/Headgate  $9,000 16% $1,440 10 $180.00 
Fencing $7,000 0% $ - 10 $140.00 
Trailer (6'-20') $12,000 31% $3,720 10 $240.00 
Machinery      
60 Horsepower Tractor $20,000 33% $6,600 15 $400.00 
Hay Mower* $5,000 14% $700 10 $100.00 
Hay Rake* $5,000 20% $1,000 10 $100.00 
Baler* $18,000 27% $4,860 10 $360.00 
Hay Wagon $2,000 10% $200 10 $40.00 
Rotary Mower $5,000 14% $700 10 $100.00 
Sprayer $2,000 38% $760 15 $40.00 
Truck $30,000 25% $7,500 12 $600.00 
Source: 2018 University of Tennessee Cow-Calf Budgets 
Note: * Indicates machinery is not included in model if all hay is purchased. 
Yearly Repair and Maintenance = (Cost x 2%) 
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Table 6. Strategy One Loan Amortization Schedule for Initial Capital Expenditures 
Year Beginning Balance Payment Principal Interest Ending Balance 
Buildings      
1 $14,000.00 $1,902.15 $1,062.15 $840.00 $12,937.85 
2 $12,937.85 $1,902.15 $1,125.88 $776.27 $11,811.97 
3 $11,811.97 $1,902.15 $1,193.43 $708.72 $10,618.53 
4 $10,618.53 $1,902.15 $1,265.04 $637.11 $9,353.50 
5 $9,353.50 $1,902.15 $1,340.94 $561.21 $8,012.55 
6 $8,012.55 $1,902.15 $1,421.40 $480.75 $6,591.16 
7 $6,591.16 $1,902.15 $1,506.68 $395.47 $5,084.47 
8 $5,084.47 $1,902.15 $1,597.08 $305.07 $3,487.39 
9 $3,487.39 $1,902.15 $1,692.91 $209.24 $1,794.48 
10 $1,794.48 $1,902.15 $1,794.48 $107.67 $0.00 
Machinery and Equipment         
1 $87,000.00 $15,584.75 $10,364.75 $5,220.00 $76,635.25 
2 $76,635.25 $15,584.75 $10,986.63 $4,598.12 $65,648.62 
3 $65,648.62 $15,584.75 $11,645.83 $3,938.92 $54,002.79 
4 $54,002.79 $15,584.75 $12,344.58 $3,240.17 $41,658.21 
5 $41,658.21 $15,584.75 $13,085.25 $2,499.49 $28,572.96 
6 $28,572.96 $15,584.75 $13,870.37 $1,714.38 $14,702.59 
7 $14,702.59 $15,584.75 $14,702.59 $882.16 $0.00 
Cattle           
1 $18,729.72 $3,808.92 $2,685.14 $1,123.78 $16,044.57 
2 $16,044.57 $3,808.92 $2,846.25 $962.67 $13,198.33 
3 $13,198.33 $3,808.92 $3,017.02 $791.90 $10,181.30 
4 $10,181.30 $3,808.92 $3,198.05 $610.88 $6,983.25 
5 $6,983.25 $3,808.92 $3,389.93 $419.00 $3,593.32 
6 $3,593.32 $3,808.92 $3,593.32 $215.60 $0.00 
      
Total Beginning Balance Payment Principal Interest Ending Balance 
1 $119,729.72 $21,295.82 $14,112.04 $7,183.78 $105,617.68 
2 $105,617.68 $21,295.82 $14,958.76 $6,337.06 $90,658.92 
3 $90,658.92 $21,295.82 $15,856.29 $5,439.53 $74,802.63 
4 $74,802.63 $21,295.82 $16,807.66 $4,488.16 $57,994.96 
5 $57,994.96 $21,295.82 $17,816.12 $3,479.70 $40,178.84 
6 $40,178.84 $21,295.82 $18,885.09 $2,410.73 $21,293.75 
7 $21,293.75 $17,486.90 $16,209.27 $1,277.62 $5,084.47 
8 $5,084.47 $1,902.15 $1,597.08 $305.07 $3,487.39 
9 $3,487.39 $1,902.15 $1,692.91 $209.24 $1,794.48 
10 $1,794.48 $1,902.15 $1,794.48 $107.67 $0.00 
Note: “Total” section is the combined loan amortization schedule for Buildings, Equipment, and 
Cattle under Strategy One. 
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Table 7. Strategy Two Loan Amortization Schedule for Initial Capital Expenditures 
Year Beginning Balance Payment Principal Interest Ending Balance 
Buildings      
1 $14,000.00 $1,902.15 $1,062.15 $840.00 $12,937.85 
2 $12,937.85 $1,902.15 $1,125.88 $776.27 $11,811.97 
3 $11,811.97 $1,902.15 $1,193.43 $708.72 $10,618.53 
4 $10,618.53 $1,902.15 $1,265.04 $637.11 $9,353.50 
5 $9,353.50 $1,902.15 $1,340.94 $561.21 $8,012.55 
6 $8,012.55 $1,902.15 $1,421.40 $480.75 $6,591.16 
7 $6,591.16 $1,902.15 $1,506.68 $395.47 $5,084.47 
8 $5,084.47 $1,902.15 $1,597.08 $305.07 $3,487.39 
9 $3,487.39 $1,902.15 $1,692.91 $209.24 $1,794.48 
10 $1,794.48 $1,902.15 $1,794.48 $107.67 $0.00 
Machinery and Equipment         
1 $87,000.00 $15,584.75 $10,364.75 $5,220.00 $76,635.25 
2 $76,635.25 $15,584.75 $10,986.63 $4,598.12 $65,648.62 
3 $65,648.62 $15,584.75 $11,645.83 $3,938.92 $54,002.79 
4 $54,002.79 $15,584.75 $12,344.58 $3,240.17 $41,658.21 
5 $41,658.21 $15,584.75 $13,085.25 $2,499.49 $28,572.96 
6 $28,572.96 $15,584.75 $13,870.37 $1,714.38 $14,702.59 
7 $14,702.59 $15,584.75 $14,702.59 $882.16 $0.00 
Cattle           
1 $56,189.15 $11,426.77 $8,055.42 $3,371.35 $48,133.72 
2 $48,133.72 $11,426.77 $8,538.75 $2,888.02 $39,594.98 
3 $39,594.98 $11,426.77 $9,051.07 $2,375.70 $30,543.90 
4 $30,543.90 $11,426.77 $9,594.14 $1,832.63 $20,949.76 
5 $20,949.76 $11,426.77 $10,169.79 $1,256.99 $10,779.97 
6 $10,779.97 $11,426.77 $10,779.97 $646.80 $0.00 
      
Total Beginning Balance Payment Principal Interest Ending Balance 
1 $157,189.15 $28,913.67 $19,482.32 $9,431.35 $137,706.83 
2 $137,706.83 $28,913.67 $20,651.26 $8,262.41 $117,055.57 
3 $117,055.57 $28,913.67 $21,890.34 $7,023.33 $95,165.23 
4 $95,165.23 $28,913.67 $23,203.76 $5,709.91 $71,961.47 
5 $71,961.47 $28,913.67 $24,595.98 $4,317.69 $47,365.49 
6 $47,365.49 $28,913.67 $26,071.74 $2,841.93 $21,293.75 
7 $21,293.75 $17,486.90 $16,209.27 $1,277.62 $5,084.47 
8 $5,084.47 $1,902.15 $1,597.08 $305.07 $3,487.39 
9 $3,487.39 $1,902.15 $1,692.91 $209.24 $1,794.48 
10 $1,794.48 $1,902.15 $1,794.48 $107.67 $0.00 
Note: “Total” section is the combined loan amortization schedule for Buildings, Equipment, and 
Cattle under Strategy Two. 
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Table 8. Strategy One Cattle Herd Growth Model  
Year 0 1 2 3 4 5 6 7 8 9 10 
Bred Heifers 
Bought 10 0 0 0 0 0 0 0 0 0 0 
Cows Bred 0 10 9 13 16 19 24 26 26 26 26 
Calving Rate 1 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Heifers Bred 0 0 5 5 6 8 6 4 4 4 4 
Heifer Calving Rate 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Calves Born 0 10 9 12 15 19 23 26 26 26 26 
Heifers Born 0 5 5 6 8 10 12 13 13 13 13 
Heifers Retained 0 5 5 6 8 6 4 4 4 4 0 
Heifers Sold 0 0 0 0 0 4 8 9 9 9 13 
Steers Born 0 5 4 6 7 9 11 13 13 13 13 
Steers Sold 0 5 4 6 7 9 11 13 13 13 13 
Cows Culled 0 1 1 1 2 2 2 3 3 3 3 
Aged Heifers Sold 0 0 0 1 1 1 2 1 1 1 1 
Total Calves Sold 0 5 4 6 7 13 19 22 22 22 26 
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Table 9. Strategy Two Cattle Herd Growth Model 
Year 0 1 2 3 4 5 6 7 8 9 10 
Bred Heifers 
Bought 30 0 0 0 0 0 0 0 0 0 0 
Cows Bred 0 30 27 27 26 26 26 26 26 26 26 
Calving Rate 1 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Heifers Bred 0 0 3 3 4 4 4 4 4 4 4 
Heifer Calving Rate 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 
Calves Born 0 30 27 26 26 26 26 26 26 26 26 
Heifers Born 0 15 14 13 13 13 13 13 13 13 13 
Heifers Retained 0 3 3 4 4 4 4 4 4 4 0 
Heifers Sold 0 12 11 9 9 9 9 9 9 9 13 
Steers Born 0 15 13 13 13 13 13 13 13 13 13 
Steers Sold 0 15 13 13 13 13 13 13 13 13 13 
Cows Culled 0 3 3 3 3 3 3 3 3 3 3 
Aged Heifers Sold 0 0 0 1 1 1 1 1 1 1 1 
Total Calves Sold 0 27 24 22 22 22 22 22 22 22 26 
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Table 10. Average Age of Breeding Herd and Steer and Heifer Weaning Weights for Each Strategy  
 Year 1 2 3 4 5 6 7 8 9 10 
Strategy One           
Avg. Herd Age 2.00 2.64 3.17 3.64 3.85 4.31 4.80 5.17 5.47 5.77 
Weaning 
Weights 
Heifer 466.5 495.1 515.6 532.0 538.8 551.9 563.8 571.3 576.6 581.0 
Steer 499.2 527.8 548.4 564.7 571.5 584.6 596.6 604.1 609.3 613.7 
Strategy Two           
Avg. Herd Age 2.00 2.90 3.70 4.40 5.00 5.50 5.90 6.20 6.40 6.50 
Weaning 
Weights 
Heifer 466.5 505.5 534.0 554.3 568.1 577.1 582.7 585.9 587.7 588.4 
Steer 499.2 538.2 566.8 587.0 600.8 609.8 615.4 618.7 620.4 621.1 
Note: Weights are in lbs/head. 
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Table 11. Discounted Cash Flow Model for Strategy One – Purchasing Ten Bred Heifers 
Year 0 1 2 3 4 5 6 7 8 9 10 
CAPEX - Total 119,730           
Breeding Stock Purchased 18,730           
Purchase of Buildings and Equip. 101,000           
Revenue  4,559 4,029 6,847 8,816 13,747 20,101 23,200 23,684 24,098 27,899 
Steers Sold  3,695 3,157 4,969 6,029 7,924 10,006 12,187 12,464 12,697 12,917 
Heifers Sold  0 0 0 0 3,008 6,224 7,224 7,394 7,536 11,078 
Aged Heifers Sold  0 0 997 1,007 1,018 2,055 1,038 1,048 1,059 1,069 
Cull Cows Sold  864 872 881 1,780 1,798 1,816 2,751 2,778 2,806 2,834 
Operating Costs  16,260 18,653 21,541 24,599 27,879 30,029 30,489 30,719 30,950 30,690 
Pasture Production  1,919 2,713 3,523 4,349 5,391 6,050 6,110 6,171 6,233 6,295 
Purchased Hay per Cow  1,904 2,692 3,496 4,316 5,350 6,003 6,064 6,124 6,185 6,247 
Supplemental Feed   418 415 512 682 572 459 486 490 495 194 
Salt & Mineral  337 476 619 764 947 1,062 1,073 1,084 1,094 1,105 
Vet & Med  333 383 503 629 776 893 953 962 972 967 
Reproduction (A.I.)  557 787 1,022 1,262 1,564 1,755 1,773 1,790 1,808 1,826 
Bull Rental  505 510 515 520 526 531 536 541 547 552 
Labor  846 1,197 1,554 1,918 2,378 2,668 2,695 2,722 2,749 2,777 
Marketing  165 143 239 305 480 698 801 813 823 952 
Equipment Maintenance  2,040 2,061 2,081 2,102 2,123 2,144 2,166 2,187 2,209 2,231 
Depreciation  6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 
Operating Income  -11,701 -14,624 -14,694 -15,783 -14,132 -9,929 -7,289 -7,035 -6,852 -2,791 
Income Taxes  0 0 0 0 0 0 0 0 0 0 
Net Oper. Profit After Taxes  -11,701 -14,624 -14,694 -15,783 -14,132 -9,929 -7,289 -7,035 -6,852 -2,791 
Opportunity Cost of Land  952 962 971 981 991 1,001 1,011 1,021 1,031 1,041 
Free Cash Flows -119,730 -6,161 -9,094 -9,174 -10,272 -8,631 -4,438 -1,808 -1,565 -1,392 2,659 
Terminal Value           82,598 
Discounted FCF plus TV -119,730 -5,726 -7,855 -7,364 -7,663 -5,984 -2,860 -1,083 -871 -720 40,984 
Note: All values are in dollars ($). A 1% yearly inflation factor has been applied. Loan repayment is not included in DCF model. 
Income Taxes are not considered in this model, assumed to be 0%.  
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Table 12. Discounted Cash Flow Model for Strategy Two – Purchasing 30 Bred Heifers 
Year 0 1 2 3 4 5 6 7 8 9 10 
CAPEX - Total 157,189           
Breeding Stock Purchased 56,189           
Purchase of Buildings and Equip. 101,000           
Revenue  21,183 20,610 21,343 22,209 22,881 23,407 23,827 24,174 24,474 28,195 
Steers Sold  11,084 10,461 11,126 11,639 12,032 12,335 12,572 12,765 12,928 13,073 
Heifers Sold  7,507 7,532 6,575 6,893 7,135 7,321 7,466 7,583 7,681 11,219 
Aged Heifers Sold  0 0 997 1,007 1,018 1,028 1,038 1,048 1,059 1,069 
Cull Cows Sold  2,591 2,617 2,643 2,670 2,697 2,724 2,751 2,778 2,806 2,834 
Operating Costs  29,241 29,270 29,589 29,821 30,050 30,277 30,504 30,731 30,960 30,698 
Pasture Production  5,756 5,814 5,872 5,930 5,990 6,050 6,110 6,171 6,233 6,295 
Purchased Hay per Cow  5,712 5,769 5,827 5,885 5,944 6,003 6,064 6,124 6,185 6,247 
Supplemental Feed   415 398 467 471 476 481 486 490 495 194 
Salt & Mineral  1,011 1,021 1,031 1,041 1,052 1,062 1,073 1,084 1,094 1,105 
Vet & Med  958 919 916 925 934 943 953 962 972 967 
Reproduction (A.I.)  1,670 1,687 1,703 1,720 1,738 1,755 1,773 1,790 1,808 1,826 
Bull Rental  505 510 515 520 526 531 536 541 547 552 
Labor  2,539 2,564 2,590 2,616 2,642 2,668 2,695 2,722 2,749 2,777 
Marketing  785 745 755 776 793 806 817 825 833 960 
Equipment Maintenance  2,040 2,061 2,081 2,102 2,123 2,144 2,166 2,187 2,209 2,231 
Depreciation  6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 6,492 
Operating Income  -8,059 -8,660 -8,247 -7,612 -7,169 -6,870 -6,677 -6,557 -6,486 -2,502 
Income Taxes  0 0 0 0 0 0 0 0 0 0 
Net Oper. Profit After Taxes  -8,059 -8,660 -8,247 -7,612 -7,169 -6,870 -6,677 -6,557 -6,486 -2,502 
Opportunity Cost of Land  952 962 971 981 991 1,001 1,011 1,021 1,031 1,041 
Free Cash Flows -157,189 -2,519 -3,130 -2,726 -2,102 -1,668 -1,380 -1,196 -1,087 -1,025 2,948 
Terminal Value           82,598 
Discounted FCF plus TV -157,189 -2,341 -2,704 -2,189 -1,568 -1,157 -889 -716 -605 -530 41,122 
Note: All values are in dollars ($). A 1% yearly inflation factor has been applied. Loan repayment is not included in DCF model. 
Income Taxes are not considered in this model, assumed to be 0%. 
 50 
Table 13. Net Present Value (NPV), Discounted Terminal Value, and Modified Internal 
Rate of Return (MIRR) for Both Start-Up Strategies 
  Strategy One Strategy Two 
NPV ($118,871) ($128,765) 
Discounted Terminal Value $39,705 $39,705 
MIRR -12.3% -13.1% 
Strategy One – Purchasing ten bred heifers and growing herd to 30 head. 
Strategy Two – Purchasing 30 bred heifers and maintaining annual breeding herd size of 30 
head. 
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Table 14. Free Cash Flows, Loan Amount and Repayment (Principal and Interest), and Off 
Farm Funds Required to Cover Farming Losses and Loan Repayment 
Strategy 
One Year Free Cash Flows 
Annual Loan 
Repayment 
Funds Needed 
to Break Even 
 0 ($119,730) $119,730 $0  
 1 ($6,161) ($21,296) $27,457  
 2 ($9,094) ($21,296) $30,390  
 3 ($9,174) ($21,296) $30,470  
 4 ($10,272) ($21,296) $31,568  
 5 ($8,631) ($21,296) $29,927  
 6 ($4,438) ($21,296) $25,734  
 7 ($1,808) ($17,487) $19,295  
 8 ($1,565) ($1,902) $3,467  
 9 ($1,392) ($1,902) $3,294  
 10 $2,659  ($1,902) ($757) 
     
Strategy 
Two Year Free Cash Flows 
Annual Loan 
Repayment 
Funds Needed 
to Break Even 
 0 ($157,189) $157,189 $0  
 1 ($2,519) ($28,914) $31,433  
 2 ($3,130) ($28,914) $32,044  
 3 ($2,726) ($28,914) $31,640  
 4 ($2,102) ($28,914) $31,015  
 5 ($1,668) ($28,914) $30,582  
 6 ($1,380) ($28,914) $30,293  
 7 ($1,196) ($17,487) $18,683  
 8 ($1,087) ($1,902) $2,989  
 9 ($1,025) ($1,902) $2,927  
  10 $2,948  ($1,902) ($1,046) 
Funds Needed to Break Even are Free Cash Flows plus Annual Loan Repayment.  
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Figures 
 
Figure 1. Strategy One Cumulative Distribution Frequency from Normally Distributed 
Cattle Prices 
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Figure 2. Strategy Two Cumulative Distribution Frequency from Normally Distributed 
Cattle Prices 
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Figure 3. Strategy One Yearly Funds Needed to Break Even Box and Whisker Plot 
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Figure 4. Strategy Two Yearly Funds Needed to Break Even Box and Whisker Plot 
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Figure 5. Strategy One Cumulative Distribution Frequency with Normally Distributed 
Cattle Prices Increasing 2% Annually 
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Figure 6. Strategy Two Cumulative Distribution Frequency with Normally Distributed 
Cattle Prices Increasing 2% Annually 
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Figure 7. Strategy One Box and Whisker Plot Yearly Funds Needed to Break Even with 
Cattle Prices Increasing 2% Annually 
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Figure 8. Strategy Two Box and Whisker Plot Yearly Funds Needed to Break Even with 
Cattle Prices Increasing 2% Annually 
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